To study the biochar properties and its influence on Cu (II) adsorption, biochar was prepared from bagasse under the conditions of 350℃, 450℃ and 550℃ respectively, and biochar was added to three typical tropical soils (paddy soil, laterite and dry red soil). After mixed culture for 30 d, batch equilibrium experiment method was used to determine the effect of biochar on soil adsorption of Cu (II) before the characterization of biochar properties. Results showed that ash content, CEC and pH value of were increased with the increase of pyrolysis temperature. PH values ranged from 5.56 to 8.92. Moreover, the specific surface area and pore structure were affected by pyrolysis temperature. In addition, when biochar was added into soils, the adsorption capacity of Cu (II) in paddy soil, laterite and dry red soil increased by 85.98%, 89.07% and 94.73% respectively. Freundlich and Langmuir equation could be fit for adsorption isotherm of Cu (II). Results demonstrated that the Freundlich model (R 2 >0.976) was the better isotherm than Langmuir model (R 2 >0.917).
Introduction
Large areas of acid soils are distributed throughout the tropical and subtropical regions of southern China. The typical features such as strong acid, aluminum toxicity and low fertility levels have caused poor growth and low yield [1] . Due to low cation exchange capacity (CEC) and pH value, these soils have high mobility and bioavailability of heavy metals [2] [3] [4] . Therefore, they are easily polluted by heavy metals, which have been paid more attention [5] .
Soil heavy metal pollution mainly comes from the industrial water, pesticides, sludge and atmospheric dust, etc. Excessive heavy metals can cause plant physiological function disorder and malnutrition. As heavy metals cannot be degradated by soil microbes, heavy metals can be persistent and difficult to be removed or degraded once introduced into soils. Moreover, heavy metals can be enriched by plants and endanger human body health through the food chain [6] . It had been heavily reported that many techniques had been developed to remediate soils polluted by heavy metals, including physical methods [7] , electro kinetic remediation [8] , incorporation of amendments [9] , combined remediation technologies [10] and biological remediation [11, 12] . Accordingly, it showed that inorganic minerals and organic materials could affect the mobility and bioavailability of heavy metals. Researchers also reported that zeolite [9] , lime, red-mud [13] and chicken manure compost [14] could adsorb heavy metals, but rarely applied into practice due to their unsatisfactory effects or high cost.
Biochar is the product of biomass through incomplete combustion in the absence of oxygen [15] . Due to microprous structure, active functional, alkaline and high CEC, biochar has extensible potentialities to act as a heavy metal modifier. It had been proposed that biochar had a strong adsorption affinity for heavy metals [16] . Biochar produced from S. alterniflora was employed to remove Cu (II) from aqueous solutions [17] . Biochar could also effectively reduce concentrations of Cu (II), Pb (II) and Cd (II) originated from contaminated soil systems [5] . In addition, a two-year field experiment revealed that biochar amendment could greatly reduce Cd uptake by rice in a contaminated paddy soil [18] .
In order to further understand the effects of biochar on adsorption-desorption behavior of heavy metals, with OECD balance experiment method, this paper aimed at revealing the effects of the bagasse-based biochar on environmental behavior of heavy metals in tropical soils, to provide certain reference basis for the remediation of heavy metal contaminated soil in tropical areas.
Materials and Methods
Soils. The soils (0-20 cm) used for sorption experiments were collected from three cities (Danzhou, Qiongzhong, Ledong) in Hainan province, China. Posthole diggers washed with deionized water between samples were used. All of the soils were typical agricultural soils. The collected soils were air-dried slowly under sheets of paper at room temperature until water content reached about two-thirds of water-holding capacity. Then, the soil samples were sifted through a 60 mesh sieve for analyzing their chemical and physical properties, and a 1-mm sieve for sorption experiments. Characteristics of the soils which were determined according to the routine methods [19] were listed in Table 1 . Biochar. Raw stock of biochar was collected from bagasse. After air-dried, bagasse was crushed and passed through 10 mesh sieve, then applied adequate amount into the ceramic crucible and put in the muffle furnace under the condition of 350℃, 450℃ and 550℃ respectively for 4 h. After cooled down, biochars were separated and grinded through 60 mesh sieve to be reserved. These biochars were referred to as BC350, BC450 and BC550. Incubation experiments. Air-dried soil samples were weighed of 200 g in polythene cups with BC350, BC450 and BC550 respectively amended by the adding proportion of 10%. The soil and biochar were well-mixed and wetted with deionized water to 70% of the field water holding capacity of the soil. All cups were covered with some small holes to allow gaseous exchange to reduce moisture loss and incubated at a constant temperature of 25℃. Soil samples were air dried through 200 mesh sieve and deionized water was filled to maintain constant moisture content during incubation period. At the end of the culture period, soil samples were air dried and fine grinded after 60 mesh sieve for later use. Adsorption experiments. Batch sorption experiments were performed in accordance with the guideline 106 of the Organization of Economic Co-operation and Development (OECD) [20] . Soil samples were accurately weighed of 1.000 g (±0.0001 g) in 50 ml centrifuge tubes. 25 ml of NaNO3 solution contained a certain concentration of Cu (II) were made for each soil sample at each concentration to reach a final volume of 25 ml with Cu (II) concentrations of 0, 0.1, 0.2, 0.5 and 1.0 mmol/L. The mixture was then agitated on a reciprocating shaker for 1h at room temperature (25 ±0 .5℃) at 120 rpm after cultured 72 h at the same constant temperature. After centrifugation at 4500r/min for 5 minutes, samples were filtered with Whatman No. 1 filter paper. The filtrates were analyzed for residual heavy metal concentration in the solution. The amount of copper adsorbed by biochar was calculated according to the following equation: 
(1) where q e (mg/g) the amount of copper adsorbed by soils at equilibrium, C o and C e (mg/L) the initial and equilibrium concentration of Cu (II) in solution respectively, V (L) the solution volume, W (g) the mass of dried soil samples. Data modeling. To further understand the impacts of biochar on copper adsorption behaviors, Freundlich and Langmuir isotherm were employed to fit the experimental data as follows.
Freundlich isotherm eqution:
where K f (mg/g)(L/mg) 1/n the Freundlich adsorption coefficient related to adsorption capacity, n the Freundlich exponent, C s (mg/g) the amount adsorbed at equilibrium. Langmuir isotherm equation:
where q e the same to C s , Q m (mg/g) the maximum quantity of adsorption, K L (L/mg) a constant related to surface adsorption intension and adsorption bond energy.
Results and discussion
Elemental analyses. The element analysis results of biochar produced under three different temperatures were listed in Table 2 . From the results, the highest content of elements in three kinds of biochars was C, with its proportion more than 68%, followed by N, H, and S. When pyrolysis temperatures were 350℃ and 450℃, biochar element contents had little change. When the pyrolysis temperature reached 550℃, carbon content of biochar was more than 80%, indicating that in heating pyrolysis process, organic components in bagasse-based carbon constantly enriched and polar functional groups gradually removed, which were basically identical with other biochar preparation [21, 22] . C/H size of biochar reflected the aromaticity of biochar. At 550℃, the highest biochar C/H ratio (60.16%) showed that with the increase of pyrolytic temperature, the organic composition in bagasse was cracked constantly, element H consumed progressively, the elements of C, S accumulated unceasingly, C/H ratio increased and then the biochar aromaticity enhanced. Ash, pH and CEC analysis. The ash contents, pH values and CEC of the three biochars were shown in Table 3 . It could be easily seen from the results that biochar characteristics were dependent on the combustion conditions. Ash content ranged from 5.97%~7.96% in different biochars prepared from bagasse. Ash content was increased with the rise of temperature due to the mineral concentrations and organic matter combustion residues [23] . Pyrolysis of biochar was generally alkaline, which had the similar result (the pH value: 5~12) with the reported literature [24] [25] [26] . The pH value of biochar prepared from bagasse in this experiment was between 5.56 ~ 8.92 and gradually increased with the increase of pyrolysis temperature. PH value represented the acidic and alkaline substances content of biochar. The increase of pH value showed that the alkaline substances in biochar constantly accumulated. With the preparation temperature increased, the pH value enlarged and presented alkaline, mainly because of a certain amount of ash content biochar contained. Some mineral elements existed by the morphology of carbonates or oxides in the ash, presenting alkaline in aqueous solution. The pH value was increased with the increasing of the ash content [27] . Moreover, biochar surface contained a lot of active functional groups, such as carboxyl and hydroxyl. When pH value Advanced Materials Research Vol. 878 445 was higher, active function groups existed in the form of negative ion, absorbing the H + and presenting alkaline. Moreover, biochar produced under three kinds of temperatures had different cation exchange capacity (CEC). With the pyrolysis temperature increased, the cation exchange capacity of the three kinds of biochar raised and the size order was BC550 (108.53coml/kg) > BC450 (52.69coml/kg) > BC350 (42.87coml/kg). Therefore, biochar-added soil could improve the pH value of soils and increase soil cation exchange capacity, so as to improve the soil adsorption ability [28] . Specific surface area and pore structure analysis. As can be seen from Table 4 , specific surface area, total pore volume, average pore diameter, micropore and microporosity of biochars under different pyrolysis temperature had obviously difference. The size order of specific surface area and total pore volume was BC550 > BC450 > BC350, indicating that the porosity of biochar was increased with the increase of pyrolysis temperature. Biochar produced under the high temperature had big specific surface area, mainly on account for oxygen element bagasse (raw material of biochar) contained. During the process of carbonization, carbon element under the action of oxidation was etched and pore structures were generated. As for the average pore diameter, the average aperture size of these biochars was BC550 > BC350 > BC450. The reason was that when the temperature ranged from 350℃ to 450℃, the addition of the pore and micro hole in biochar might cause the average pore diameter reduced, but when the temperature rose to 550℃, the further development of microporous may lead to average pore size of biochar increased. The main reason of the phenomenon was that with the elevation of carbonization temperature, decomposition of various components in biochar tended to be complete and volatile content could escape, resulting in the increase of biochar micro porous structure, thereby enhancing the biochar adsorption force of heavy metals [29] . In conclusion, the pyrolysis temperature could adjust the surface properties and structures of biochar, thus impacting the adsorption behavior of biochar. Adsorption isotherms. Adsorption isotherms were used to elaborate the adsorption mechanism of copper. The adsorption isotherm of Cu (II) in soils with 10% of biochar added was shown in Fig. 1 .
Results showed that the adsorption capacity of three tropical soils with biochar added was increased obviously. Among them, the adsorption quantity of laterite increased by 0.07 mg/g as compared to no-biochar treatment. The adsorption quantities of paddy soil, lateritic and dry red soil without biochar were 0.5402 mg/g, 0.4938 mg/g and 0.5539 mg/g respectively. After incubation, the soil adsorption capacity of Cu (II) changed obviously. With biochar amended the adsorption capacities of paddy soil, laterite and dry red soil were increased by 85.98%, 89.07% and 94.73% respectively than the group control. With negatively charged surface and high CEC (Table. 2), biochar could increase the electrostatic adsorption of Cu (II) in the soil [30] . Moreover, the surface of biochar contained rich oxygen-containing functional groups such as carboxylic and phenolic hydroxyl, which formed stable surface complex with Cu (II), causing soil specific adsorption of Cu (II) increased. Table 5 . Table 5 showed that the R 2 values of Freumdlich model ranged from 0.94 to 1, while the Langmuir model R 2 values ranged from 0.80 to 0.98, therefore the Freundlich model was the better isotherm than Langmuir model to describe the adsorption behavior of Cu (II) in three tropical soils with bagasse-based biochar added. In this experiment, the maximum adsorption Q m values in three soils changed a lot and the changes were inconsistent with K f value, but the mechanism was not obvious.
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Summary
The physical and chemical properties of bagasse-based biochar changed according to the pyrolysis temperature. With the rise of pyrolysis temperature, ash content, pH value and CEC of biochar increased, specific surface area and pore structure changed, thus affecting the soil adsorption quantity of Cu (II). Moreover, biochar surface had a lot of oxygen-containing functional groups. These groups not only could increase the amount of negative charge on the surface of the soil, increasing soil electrostatic adsorption of Cu (II), but also could have complex reaction with Cu (II), increasing soil specific adsorption of Cu (II). Meanwhile, Freundlich and Langmuir model could be used to fit the adsorption isotherm for quantitative characterization of the impact of biochar on Cu (II) adsorption.
Results indicated that Freundlich model (R 2 >0.976) was better than Langmuir model (R 2 >0.917) to fit.
